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'ontan-dination of cele:ftial bodies with earth microorganisms
" "night .-ake studies of anV e:xtraterrestrial life LrVossible. Ster-

ilizatior of heat and/or radiation sensitive electronic colponents
+- presents a special prcb'er.. Using a flexible film germ-frer iso-

lator, internal contL-.irntion 1m3 dermn 'rated in only 11 of 166
.. c-xonents, Including 9 of 101 capacitors. Moreover, the level of

natural conta:-ination Is low and destruction of microorganismu is
assessed in terr.s of probability. -herefore, devehcpswnt of adequate

q- sterilization proce&-Lres is being ,pproached by deliberate contan-
inatiorn, naring .nuf'acture, w.ith vacterial spores of high resistance
to heat and irradiatiorn. :he results obtained with sone tvpes of
resistors and diodes are prcs,.nted.
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ST.aLIZATION OF EU.'L'TR1C COMPORIM OF SPACECRAF (U)

Joseph T. Cordaro and E. Staten Wy-ine
Aerospace Medical Division (AFSC)
USAF ,choul or Aerospace Medicine

ýrtrobiology .ranch
Brooks Air Force Base, Texas

INTMDUCTION

As pointed out by Lederberg (4), the best approach to direct
studies of the possibiltty of extraterrestrial life involves micro-
organisr.s, since they are (1) an early stage in the evolutionary
process, (2) ubiqcitous on our planet and probably a.ny other planet
conta-ining life, (3) asil. cltivated, and (4) best adapted to
autc.-ation and telemetry in unmanned space vehicles. However, such
studies would be seriously hazpered, or even made forever impossi-
ble by inadvertent contamination with earth microorganisms deposited
as a result of hard landings of space probes (1, 3, L, 5, 7, 8)
(fivgre 1). It is believed by som that earth .icroorganisr.s night
well r.Ultiply on Mars (1, 2, 3). Such mult .-lieation would not only
Lnterfere with deternining the presence or absence of an indigenous
flora, but by overgrowth might also jeopardize any possible use of
extratprrp-.rial organisms for benefit of nan (4).

n•ta.mination of the moon with earth nlcroorganis..s would also
jeopardize a most intriguing test of the panspermia hypothesis of
Arrhenius, whereby spores drifted through space and seeded suitable
planets. Having only a trace atrosphere, *he moor. has been envisioned
as a trap for .-r*toroidal material (L), and is supposedly covered by a
layer of cos.ic (ist (5). Although t~he surface temperature is esti-
.ated to rangc fron +100 C. during the day to -150 C. at nigh-, it has
been esta-e•.at at a depth of less t4hn I .-xtcr, thc tc:pcrature
range is 0 to -70 C. Admittedly the ultraviolet r-%diation intensity
on the surface of the noon is capable of killing all known microorgan-
Isr.-. in a few hours, but Sagan (5) believes that microorganims Just
beneath the s3urface, and thus protected fror -iltraviolet radiation,
would su.--ive ;os=ic radiation for a few hundred million years. Since
the likelihood'persistent indigez.jus flora is remote, the presence
of microorganisms in the "noondust" would constitute evidence for the
parnperrn.a hypothesis.

4ecause of ex*.rcrly low frictional resistance of the present
trace atnospherc of the noon, it was recer.Lly stated by Phillips and
`*oftran (6) that a single hard landing of a rocket could scatter bac-
tý.ria over the entir: surface of the satclltte. As pointed out by
Davi-cs and COr-.nt7.3 (1). this possibility would be especially serious
if a ,A..l were atoard, since there would be on ",e order of 1,12
.-1croor;anisrs pr-scnt per kg of intestine. As the r.onn's surface I£t
4 x 101 r.-, the nicroorrani-•s f.-. one -&anal givght piv rise to a
serious flesr-.e of :on'tanination, esrecially sLnce the d1esity of ltv
organis•-Is rar.ped 11'r. coinic infall would bt expected to b! s-all.
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It has been pointed out (1, 7) that orranisms might easily our-
vive a space journey. Ultraviolet radiation ir. space, while admittedly
lethal to ary known .icroorganion in a few hours, would onl' be effec-
tive againo. organisms on the outside surface of a space probe. Furtner-
morv, vacua actualy aid in preservation of microorganisms, although
it must be admirtted that no data are available on the effects of vacua
with residual pressures luw.:r than 1C-9 mm of mercury. Finally, it has
been pointed out that entry into the atmosphere of Venue or Mars would
not %.ecessarily result in a probe being convived by heat. (1, 4). The
atmon'.ere of Mars is mostly nitrogen, with only a trace of oxygen,
hile that of Venus is chiefly carbon dioxide.

In view of these considerations, there has been a ereat deal of
concern over thc question of contardnation of celestial bodies with
terrestrial -icroorganisms (1, 3,hA, 5. 7, 2). Conversely, the pos-
sibility of contamination of the earth with nicroorganisms from a
zeicstial bodc- is no less worthy of sober considcration. It is theo-
retically possible that microorganisms brought back from the moon or
Mars might be capable of causing a new human, animal, or plant disease.

It would thus appear that rigorous rwasures are needed to insure
tie absence of viable microorganisms in a pace vehicle prior to its
launch. Davies and Comuntzis (1) have recotwuended sttrile assembly.
built-in disin.fection and terminal sterilizationj Sterile a'senoi.:
-ay be aseptic or antiscptic. Aseptic assembly Involves fabrication
of sterilized corotients into subsystems, and sealing the!e sub-
systems to prevent recontamination. An exarple of antiseptic assemb4y
would be the application of liquid wipe-on sterilants, such as formal-
dehyde in :nethanol, to all -atirng surface- not accessible to gasecos
disinfectant, e.g., nuts, bolts, screws, etc. Built-in sterilization
tight te usef'u '.n fabrication of crtairn co•ponents: e."., paraformal-

dehyde night be ir!luded in plastic used for potting electronic com-
ponents (7). in any rase, ter.•inal sterilization, particularly of the
interior of an-:. space vehicle, appears essential.

• suggested nethoss of terminal sterilization have included the use
of (1) heat, (2) radiation, and (3) chemicals. A priori, heat sterili-
zation appears .-.ost desirablc. However, as emphasized D avxites and
Corrmtzis (1), the functlon of certain types oA" spacecraft components
is L-,aired by co.mmonly erployed regimens using heat. With regard
to ermiral stprilizati:n by radiation, forn-. dable practical difficul-
ties are involve-, as p.inttd out by Phillips and Hoff'man (7). F\rther-
mnore, Davies and LoMuntzis (1) fowud that ccrtain typ..-s of conponents
would not tolerate sterilization by radiation. For tern.inal sterili-
1a0+.In by chemical means. it appears that agents activr In the vapor
phasej ar- nn.-t f-asiblc. rCf the gseou, disinfcc.•tants, eth:ylenc oxid•
iS e,.rapUl,, -nq1i1vrrd the akert' of choice for space vehicle:a (1. ..
7)
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ýverall s1pacccraf4 *tprilizatim procedures no.' t.-loyed t.4clude:

I1. Enternal stcri11:atior, of corpor.e.-ts.
2. 'Ameppic fabrication of' subvaytoms.

.. AseptiP! inst~i..1ation or stbmyter., to ~ap&ecraft.
4. Terr.ral sturU~izatio.o o' surfces cf spaceciaft i:.

seal~ed corpartm.int.
~.Maintcr~anc-m of steriliza,1i~n.

A special problen in. spacecralt't, sterillztzion con~cerns the inter-
i.or ofh ia1 sealtd mlectronic comnponents. (Otvioubly gasteous
disixfectants ca.-mit be u.sed, anhd xdrntof function rAy, occur
with -ethods- 1%:ivNin& heat (1) or radiat.Con (1.). A factor of prine
Inport~ance Ln t~his pr'lhlern, is lin anr' tA :1iato pri~blem, is a
kowaledgte f the level of bacterial contardiration. It. is 'the~nr
p'ose of this papcr to present findings concc~ning the frequency -.f
r~a1.jlk cx~aniamnaion, and at. txperirjental a-pprcach t.o the develop-

. 3f oi'adequate sterilizatio-. procedures lor 1tr icco.-ponents.

F./PE~d'.2lTA L

-dics to- detcinire the nrte:ec;c and level of atural -onta:.-
in-Ation Lre generally. carried out inside sort sort ýf inclosu~rc -. ich
hac been -adt- virtually gas-tight, so that the interior of the
i..,I.-surc and the exterior of the -oo~one:.ts can be ster-Uized --ith
a gaseous di~sinfectant. In our lat-oratory a Ferm-free isolator has
been used, as shown in fig-,re 2. As sef-r, in figure 3. the tools used
to dis3a3se-O1e the co.'ponents are sterU; zed i,-side the isolator
along with -he e',%teiior of the electronic devices thE-scives. To
faci-litate t t'ectior. of' arny contwninating orL-arisrs which rWay be
present 11r t,,.c interior of the componcrits, it is essential to reduce
all1 nonmetallic rcovs~rin, m'aterials t:) a relatively. finely divided
state and to expose all internal surf&a--s. Recen~tCly it wa:; found
that ont capac-.Itor approxinately ?~in7hes in terngth. by 1 ir~ch in
diameter r-ontaired. wher, cor-pletely *;rxolled.. a sur:ace area of
abou'.t~ squart 'e Of a total of 166 ý.orpmnerl.s exanined in our
laiboratory, 11 werc contam-inated. Of 101 cap&-i~tors cult41ured.
showed bacteria. Ou;r findings on aapacttors c.on-0.fir *tho.se C~f
MAU.=ip anfl *Qoff:-an (7). who repurted 13 of 4-2 cont.an-inated.

t~.T~et art cXPc'sed diuring~ nanuafal.ure; t.o t~c-mrratune-
41L-.r intervals that woiz.r. arppar. a r-t'~fii!. :'or sl.e ril-
zatl-y%. Wowever, lterperat .r~2redata& '~r,), ln bActeria art

usualy btaiei y 'xposing drio!i s'u~cs on s~ir2fat af -:s: Ater-
ials as #,1ass $ l.'dna. and P.lte- pdptr. ýrmrol is r. n ro

an" tht sL1 ry.-posurus 'WO.Ul t... '~t % i r,;C, (.0. o,. th-e
san' r~t~ ~-.-7%ni j_ t.~ I",,_ Ao o tr-'~" n~
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hbat-treatwnt my be said to rusult in 99.99 percent killing.
Therefore, intelligent asemeent of sterilisation routines can be
a*~cqolished only with reference to definite levels of contamina-
tion. As indicated above, natural contamination of electronic
o•ponents is sporadic; hence quantitative levels of microorganisms

in the contaminated coMponente would presumably vary widely.

In view of these considerations, it is suggested that develop-
mant oa adequate sterilization procedures for sealed electronic com-
pone-ita be accomplished by use of components which have been delib-
erately contaminated dux.ing manufacture. Such an experimental
approach should include the foV.owing stages:

1. Selection of appropriate microorganisms with high resistance
to dry peat and/or radiation.

2. Contamination, during manufacture, of the interior f comon-
ents with standard high cell concentrations (1 x 10? to 1 x 106).

3. Performance tests of assemled contaminated components.
4. Exposure of contaminated components to dry heat time-temper-

ature and/or radiation regLm-ns
5. Performance tests on heated andjur irradiated contaminated

components.
6. Bacteriologic examination of undamaged components.

A 'jinL in-house and contractual research program along the lines
Just detailed is in progress. Currently, spores of Bacillus stearo-
tS151e, suspended in acetone, are being u~ed. T =seec-
tin r FI518 spores was determined not only on the basis of resis.-
ance to dry heat and radiation, but also to their ability to survive
in a volatile liquid vehicle which does not damage the material to be
contaminated. Recent data, however, by Koesterer and Bruch (9), and
Davis et al. (10) seem to indicate that the s-oreC of Bacillus SuiM3is
var nierare more resistant to heat than F31518 spores7. Te-rresiltaice
O' ,st r spores to radiation and their survivil in acetone is being
invst ja d. To date, four types of resistors (9 each) and two types
of diodes (10 each) have been examined. The results indicate that for
these types of components, rormal nanufacturing procedures art suffi-
cient for sterLiization.

The importance of spacecraft sterilization has been discussed.
Hermetically sealtd tlectronic components constitute a special problen..
Cultural techniquez: for such corponents ha'c bccn described, ard find-
ings presented on the frequency of contamination. An experiviental
scheme for developnent of adequate stertlizat,.on procedures has been
outlined, basid on del iberate contamination diring ctnrponent manufac-
ture. 'd i'h the types of resistors and diodes tested to date, nanuftc-
turlug procedures appear sufficient for sterilization.
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Results of th~e Different Typus of Eiactronic Comionents Sxmmined.

Type of Comonent Number Number
ExaminedPositive

Capacitors 101 9

Resistors 4~5 0

Diodes 50

Electronic tub'~s 5 0

Relays 2 0

Transformers 41

1%Lgnetic wItlitor 1 1

Micropositioner 10

Potentiometers 2 0

Totals 166
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